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Abstract 
In the present work results of research of aerosol pollution of the atmosphere received according to 
measurement of solar radiation in the Mongolian grain farm region and capital city Ulaanbaatar are given. 
The m吋orfactor influencing to extinction of solar radiation in the atmosphere and source features of 
aerosol pollution above mentioned region of Mongolia are investigated. 
The contribution of the aerosols to extinction of solar radiation to the real atmosphere of Ugtaal is 
23.45% and Ulaanbaatar -27.8% respectively. During the year the aerosol extinction on the average 
changes for Ugtaal 0.09 kW/m2 -0.18 kW/m2 and Ulaanbaatar -0.12 kW/m2 -0.21 kW/m2. 
Key words: Solar radiation, Atmospheric extinction, Atmospheric transparency, Aerosol pollution, Dust 
storm, Fine dust, Mongolian grain farm region. 
1. Introduction 
Among the different agents of climate change, anthropogenic greenhouse gases (GHG) and aerosols 
have the larger roles. As a consequence, the global increase in the CO2 concentration of 1・2p.p.m.peryear 
was measured almost 50 years ago using a single ground-based instrument (Y oram J et. al .2002, 
Keeling,C.D, 1960）ヲ whiledaily satellite observations (Husar,R.B et al. 1997) and continuous accuracy 
measurements (Clarke, A.D et al. 1985) are needed to observe the emission and transport of dense aerosol 
plumes downwind of populated and polluted regions, regions with vegetation fires, and deserts. The effect 
of GHGs on the energy budget occurs everywhere around the globe. Lately, researchers are focused one’s 
attention on the various complex effects that different types of aerosols have on climate-from adding to the 
greenhouse effect to changing the reflective properties of clouds-and the great uncertainties in how large 
those c百ectsare on climate warming. An air pollution is not only an industrial phenomenon. The part of the 
atmosphere that we thought to be the cleanest -the areas without a lot of industrialization-in fact can be 
very highly polluted, especially during the dry season. Asia is the largest source of aerosols in the world. 
That’s largely because the region bums millions of tones of coal annually from its abundant coal deposits. 
It is visible, that the following facts. Between 1990 and 2000, annual releases of sulfur dioxide into the 
atmosphere in the United States dropped from about 20 million tons to 13 million tons, but in Asia they 
have climbed to about 45 million tons (Sylvia Wright, 2000). Aerosols are released from coal-burning 
power plants and coal-fired locomotives; heavy industry, such as metals production; automobile and truck 
exhaust; home heating; and the over tiling of dry-area farmland. In resent years, scientists have become 
increasingly concerned about the large-scale environmental effects of aerosols-particles suspended in air. 
Every year in late winter and spring months, a number of Asian dust storms usually occurs in Gobi desert 
in China and Mongolia. Large amounts of yellow sand p訂tidesupli負edfrom those areas are transported to 
Japan, Korea and the North Pacific region by prevailing westerly wind (Jun Zhou al ets.2001 ).
Investigations of aerosol properties, distribution and variation, and its climate effect are now an urgent and 
important scientific problem, especially for developing countries. 
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2. Features of air pollutant sources on the territory of Mongolia 
Although its total GHGs emissions is very low if compare to the world net total, Mongolia wishes to take 
a measures and actions to reduce GHGs concentrations in the atmosphere. The energy sector of Mongolia is 
the country’s largest contributor to GHG emissions. The existing power sector of Mongolia consists of the 
Central Energy System with five coal-fired Combined Heat and Power Plant and 18 provincial interprises 
that operate isolated energy systems. Ulaanbaatar produced 75 % of the total electricity in 1997 41.5 %of the 
total domestic products of the state was done in Ulaanbaatar. Ulaanbaatar city is situated in an area that this 
sunk below its surroundings and is surrounded by 4 big mountains. Therefore, screen of smoke and dust is 
usually cover on the city. The cold continental climate, the reliance on wood and the low energy content of 
Mongolian coal contribute to high rate of carbon dioxide (CO2) release per capita. The estimated national 
CO2 emission in 1990 was 19.1 million ton or roughly 9.5ton per-capita. This estimate is larger than 
estimated per capita GHG emissions in the great majority of developing countries and exceeds the world 
average. 
The present time in Mongolia has about 30 million cattle (five kinds of domestic animals; sheep, goats, 
horses, cows, camels) and they are increasing year by year. Mongolian livestock is a pastoral cattle 
breeding. Therefore from year to year wear processes of ground grow，出thisconnection loose soil of cattle 
legs is proportionally increased. Here, the main feature consists, in that a dust which have arisen from a 
legs of cattle is very thin a dust (fine particle). Certainly such dust is very easy to rise in the atmosphere 
when arises though weak winds. Aerosols, the tiny atmospheric particles well known as a human health 
hazard in air pollution, are increasingly being studied for their contribution to changes in the environment. 
The present time in Mongolia wear process of pastoral land reaches 7 million hectare. Wind and water are 
the main agents of natural soil erosion. In area of Ugtaal, number of day which reaches wind speed 24m/s, 
in April and May 5-6 times, 15-20m/s -10・15times. High winds can blow away loose soils from flat o 
hily, terrain. In the Midwest much of the wind erosion occurs in winter when the ground is frozen. In 
Mongolia the wind erosion occurs mainly in spring when the ground is not frozen, but the upper most soil 
layer is dry and loose. Wind shear stress and soil surface characteristics are main factors controlling dust 
emission. Very fine particles can be suspended by the wind and then transported great distances. Fine and 
medium size particles can be lifted and deposited, while coarse particles can be blown along the surface. 
Dust emissions have consequently an impact on soil degradation but also on climate. Indeed, the very fine 
fraction of soil-derived dust has significant forcing effects on the radiative budget but also, climatic 
changes can modify the location and strength of dust sources. In Mongolian grain farm region already 
started intensive sand moving. Dust storm in those areas is characterized by high level of soil particles 
rising in the atmosphere in spring months. 
Water erosion occurs during the spring with the thawing and melting action of the snow, also it occurs 
in summer when started rainy season in Mongolia. Water erosion generally occurs only on slops, and its 
severity increases with the severity of the slope. 
Ground of agricultural region of Mongolian consists basically from light-clay ground. Lighter 
aggregate materials such as very fine sand, silt, clay and organic matter can be easily removed by the 
raindrop splash and runoff water; greater raindrop energy or runo旺amountsmight be required to move the 
larger sand and gravel particles. Without soil and plants the land becomes desert-like. Certainly, desert area 
will be one of the intensively source of dust storm. 
A recent Mongolian report estimates that 30% of the country is moderately affected by degradation, 
and 4% severely to very severely (Batjargal Z., 2001). The si伊 ificantlydry climate, low soil fertility and 
sparse vegetation cover of Mongolia, with over 40% of it’s territory included in the geographic area of the 
Gobi Desert, make desertification a key issue of environmental concern. It has been estimated that over 
78% of the total territory of Mongolia is under risk of desertification, of which nearly 60% is classed as 
highly vulnerable (View of Ministry of Nature and Environment, 1997). 
Desertification is evident in Mongolia and the most important factors of it are the vulnerability of the 
ecosystem to human activities, especially crop cultivation and animal husbandry. 
Land degradation induced by anthropogenic factors is common to al ecological zones of Mongolia. 
There are several specific human activities that have led to serious and widespread soil erosion and land 
degradation. 
Crop cultivation is an important reason of soil erosion. Total land area of Mongolia is 156.5 million 
hectare of which 118.4 million hectare (75.8%) is capable of agricultural production, primarily extensiveヲ
pastoral livestock production. Cultivated land occupies 1.35 million hectare of the total land area. Over 
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57% of total arable land is located in the north-central aimags (provinces) of Tov ( where located Ugtaal) 
and Selenge and the northeastern aimag of Dornod. It is estimated that over the past 30 years, an average of 
35-50 tons of soils have been lost from each hectare of cultivated land due to erosion (Batjargal Z., 2001). 
Another factor is vehicle-induced degradation from overland travel in the absence of an established road 
system. It is estimated that nationwide there are four times as many vehicle tracks as are necessary, causing 
degradation and denudation of 0.7 million hectare of land. 
Generally located on sloped or steep terrain, deforested areas as well as vehicle tracks are particularly 
subject to water erosion. 
Mining and inadequate waste management can also make significant contribution to land degradation. 
An estimated 100.000 hectare of land have been degraded by coal and gold mining activities. 
Forest and steppe fire -it is one of the big source of the air pollution of Mongolia. Vegetation fires not 
only affect the composition bur also the circulation of the atmosphere. The effects of biomass burning 
extend from micro scale up to global processes. Forest”steppe pasture types comprise 27.1 % of total pasture 
land area and occur primarily in the northwestern and north-central aimags. Forest covers 10% and 
grassland 70% of al territory. In Mongolia in average year occur the 50-60 forest fires and 80-100 steppe 
fires (IFFN No.26,2002）.百1eaverage fire season usually has two peaks. One peak is during spring ( from 
March to mid June) and accounts for 80 per cent of al fires. The other fire peak fals within a short period 
in autumn (September to October) and accounts for 5 to 8 percent of al fires. In summer, fires occur very 
rarely (only 2 to 5 percent of the total) because of heavy rains. From 1981 to 1995, forest and steppe fires 
burned an average of 1.74 million ha annually. In 1996 and 1997, the area affected by fire was 10.7 and 
12.4 million ha respectively-an increase of more than six-fold. Within 1995-1999 was happened 857 cases 
of fires and burnt around 30 million hectares of forests and steppe areas （庄町 No26ヲ2002).Those fires 
were detected and monitored by NAOO satellite data. Above mentioned factors determined basic source 
features of aerosol pollution of the atmosphere on the territory of Mongolia. 
3. Method for determination of aerosol pollution and Data processing 
In the present work, we used investigative data at the Ugtaal Solar Station (48°3'N, 105°25,E, 1160m 
above sea level), which is located in the central grain farm region of Mongolia ( Nas-Urt Tugjsuren and 
Tamio Takamura, 2001) and data at the Research Center for Geophysics of Mongolian State University 
(47°55 N, 106°52’E, 1306m above sea level). Data were collected at the U gtaal 1986-1996 and at the 
Research Center for Geophysics 1979-2001 for every hour in the daytime. In order to measure the direct 
solar radiation received at the earth’s surface, a thermo-electric actinometer (AT-50) was mounted. We 
simultaneously measured diffuse radiation using a thermo-electric pyronometer (M・80M)with a black and 
white type sensor. Also, we simultaneously measured meteorological elements, such as soil and 
atmospheric temperature, soil and atmospheric humidity, wind speed and direction, cloudy number and 
types etc. 
As extinction of solar radiation in the atmosphere is caused basically, molecular (Rayleigh) scattering 
（企Sm),selective abso中tionof water vapor （企Sw）ヲ scatteringand abso中tionby an aerosol ( ゐSふforthe 
general extinction of radiation in the atmosphere （企S)it is can be expressed by 
企S＝企Sm＋企Sw＋企Sa・ (1.1) 
Quantity 企Sis the important characteristics of the radiation regime of the atmosphere and the Earth, 
and can be received as a difference of intensity of a solar constant and the direct radiation measured on the 
Earth surface, at m=2. Extinction of radiation in the ideal atmosphere, 企Smat the accepted values of solar 
constant S0 = 1.38 kW/m2 and intensity of radiation in ideal atmosphere Sm=l.13 kW/m2 (by S.I.Sivkov , 
1965), is equaled 0.25 kW/m2 (1.38 kW/ m人 1.13kW/m2 = 0.25 kW/m2). 
At calculation of extinction of solar radiation by the water vapor is necessary for knowing general 
humidity content (w) in al thickness of the atmosphere which is determined by an aerologic method or 
more simple way on ground measurements of absolute humidity of air (eo) (Nikolskaya N.D吋 1976).Many 
researchers have shown, that correlation connection (link) between fi and eo has local character. Therefore, 
for everyone physical -geographical area such connections should be investigated and speci白ed.In this 
connection, we were established empirical dependence between humidity content in the atmosphere, the 
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certain aerologic method and water vapor at the Earth surface for Ugtaal on seasons. A dependence 
between fi and e0 for U gtaal on seasons can be presented as follows: 
。＝ 1.6e0 + 1.3 (Winter) 
の＝ 2.0e0 + 0.2 (Spring) 
fi = 1.3e0 + 5.6 (Summer) 
fi = 2.le0 + 0.8 (Autumn) (1.2) 
Quantity cu, received by the regression equations can serve as characteristics of influence water vapor on 
the atmospheric transparency for Ugtaal. Also we used for definition of solar radiation absorbed by water 
vapor, 企Sw.The solar radiation absorbed water vapor in the atmosphere is calculated under S.V.Zvereva 
formula (Zverova 1969): 
企Sw= 0.184(mffi)0.27 (1.3) 
where cu is the total water”vapor content in the atmosphere in the vertical direction, m is the atmospheric 
mass (m=cosz0=1/cos(90° -h0)), directed on the Sun.百1isdependence were checked up with use of the rich 
measuring data in Mongolia (D.Ganbaatar, 1985). 
Aerosol extinction of solar radiation 企Sais received as a residual member from the equation (1.1) and 
can be expressed by 
企Sa=［企Sー （企Sm＋企Sw)]. (1.4) 
In the present work we were easily determined the aerosol extinction with use expression (1.4) 
4. Results and discussion 
Values of components of extinction of radiation 企Swand 企Saat m=2 are given in the table 1. 
Months / I I IV IV / VI l VII I VIII l IX IX I XI / XII I % of So 
General extinction of direct solar radiation, kW/m 
L¥S・l02 I 48 I 46 I 36.83 
Absor tion of solar radiation by water va or, kW/m 
L¥Sw・l02 10 10 11 12 14 17 19 20 16 14 I 13 I 11 I 10.09 
企Sピ102 I 9 
Extinctionぱ S伽凶ationbr aerosol，山1
I 10 I 16 I 1s I 13 I 12 11 I 13 I 12 I 10 I 10 I 8.64 
From this tablel. shows that, the general extinction of solar radiation for Ugtaal in the period 1986-
1996 changes on the average from 0.44 kW/m2 up to 0.57 kW/m2 and for Ulaanbaatar in the period 1978-
2001 changes on the average 0.50 kW/m人 0.63kW/m2 . The contribution of an aerosol extinction of 
solar radiation in the real atmosphere of Ugtaal and Ulaanbaatar makes 23.45% and 28.5% respectively. 
During the year the aerosol extinction on the average changes Ugtaal from 0.09 kW/m2 til 0.18 kW/m2. 
This change for Ulaanbaatar -0.12 kW/m2 -0.21 kW/m2 . Ifto compare the first 5 years (1986-1991) 
values of aerosol extinction of direct solar radiation with values of the last (1991-1996), aerosol extinction 
for spring months those values increased on 2-2.6%. It testifies to fast increase of aerosol pollution for this 
area. We can say that this view is connected not with human activities, and with natural origin. Last 10 
years, aerosol extinction of direct solar radiation approximately increased on 7-9% for Ulaanbaatar, if 
compare with 1981-1991. 
On fig.l the annual course of components of extinction of solar radiation in the atmosphere is shown 
under conditions of the cloudless sky (at m=2) for Ugtaal. 
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In an annual course (fig.I) the maximum of aerosol extinction of radiation fals to April and May. It 
corresponds with the period of dust storm in region of U gtaal. Observation data shows, that in area of 
Ugtaal the strong dust storm there will be 10-15 times in spring months of year. 
Out appearance of this fig. l shows that the general extinction of direct solar radiation similar with 
Ulaanbaatar. But aerosol pollution of Ulaanbaatar are observed much more than Ugtaal region in the winter 
months (For more details on Ulaanbaatar aerosol pollution, see Tugjsuren et al. 2003). It is clear, the region 
of Ugtaal covered with snow from November to April and there is no any industry which are polluting of 
atmosphere. 
Depending on a combination of an annual course of extinction of the solar radiation the water vapor and 
an aerosol varies their percentage ratio. In conditions of Ugtaal, aerosol extinction prevails in April and 
May. Then aerosol pollution of Ulaanbaatar happens in winter months (November, December and January) 
much more than region of Ugtaal. In other words,we can say that for Ugtaal is too small a influence of 
anthropogenous factor on extinction of solar radiation in winter time. For an annual course of extinction of 
the direct solar radiation by aerosols, an autumn it is less, than in the spring. It we will be explain that dry 
of atmosphere and wind speed much less than spring in this region. 
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Fig.I.Change of direct solar radiation in the real atmosphere of Ugtaal (in conditions of the cloudless sky at 
m=2), 1986-1996. Sw -Absorption by water vapor; Sa -absorption by aerosol; Sm -Molecular scattering; 
x-value of a solar constant, S0=1.38 kW /m2 ; S -general extinction of direct solar radiation. 
The least values of extinction of the solar radiation for Ugtaal is observed in the winter and an autumn. 
In the summer and in the spring the general extinction of direct solar radiation in the atmosphere grows and 
makes 39.01 % of the solar constant (Table 2.) 
Table 2. Seasonal chan~竺旦f_t_he星空neralextinction of solar radiation and aerosol extinction 
Season Station 企S,kW/m.:: % of s。 ~Sa, kW/m2 %of ~S 
Winter Ugtaal 0.447 32.39 0.097 21.7 
Ulaanbaatar 0.536 38.8 0.163 30.4 
Spring Ugtaal 0.52 37.68 0.147 28.27 
Ulaanbaatar 0.597 43.3 0.196 32.8 
Summer Ugtaal 0.557 40.36 0.12 21.54 
Ulaanbaatar 0.593 43 0.14 23.6 
Autumn Ugtaal 0.51 36.96 0.117 22.94 
Ulaanbaatar 0.54 39.1 0.137 25.4 
The received results show, that aerosol extinction of direct solar radiation of Ulaanbaatar high in the 
winter season. It is can be explain by air pollution of city Ulaanbaatar. Within the last 10 years air pollution 
levels in Ulaanbaatar have been continuously increasing and in winter time especially the issue one of the 
biggest ecological problems. The atmospheric levels of carbon dioxide and sulfur dioxide in Ulaanbaatar 
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exceed the rate that should have a negative influence on human health by 1.5-2.6 and 1.3-2.8 times 
respectively. Mainly, among the atmospheric factors is a stable stationary atmospheric inv’ersion that form旦
over the country annuallyヲgenerallyremaining in place from October to April. This inversion foτms at 
approximately 600-700 meters above the ground surface and is accompanied by very low wind speed 
conditions. The wind speed and direction in Ulaanbaatar is usually traveling from northwest direction and 
the speeds decreasing to 1-2 mis when they pass through Ulaanbaatar. It means that polluted air can not go 
far away from the city. 
The aerosol extinction of U gtaal in the winter on the average 19 .17% less than long-term average vaiue 
of 企Saand in the spring on 22.5% more司thanaverage value ~S2 ・ Ifcalculate for Ugtaal, the per cent of the 
extinction of solar radiation by aerosols the winter and spring time of the general extinction of solar 
radiation as follows: 21.7% and 28.26%. Results of our researches of aerosol pollution of the atmosphere in 
Ugtaal testify, that the atmosphere of grain farm region of Mongolia contains an aerosol of a various origin 
in dependence from seasonally. By our calculations, an aerosol component in the period 1986・1996
increased approximately on 11.5% in comparison with aerosol component of 1976-1986ラthatbe connected 
with dust storm in Mongolia. 
The mean elevation of Mongolia is about 1500 meters above sea level which enhances the sharp 
continental climate, with warm, short summers, and coldヲlongwinters. There is a short rainy season in 
June, July and August during which most of the yearly rain fals. Around 67-78 percent of al precipitation 
fals during these three summer months. Therefore, total water”vapor content in the atmosphere of above 
mentioned places is too high level and water-vapor absorption of solar radiation increasing in the summer 
season of恥fongolia.
5. Concluding remarks 
1. The contribution of the aerosols to extinction of solar radiation to the real atmosphere of U gtaal is 
23.45% and Ulaanbaatar -27.8% respectively. During the year the aerosol extinction on the average 
changes for Ugtaal 0.09 kW/m2 -0.18 kW/m2 and Ulaanbaatar -0.12 kW/m2 -0.21 kWim2 . Itshows, 
that the Ugtaal percentage value with Ulaanbaatar on 4.55% Jess, than its value. If to compare the first 5 
years (1986・1991)values of aerosol extinction of direct solar radiation of Mongolian grain farm region 
with values of the last (1991・1996)the aerosol extinction for spring months those values increased on 2-
2.6%. However, extinction of aerosol is increasing in spring and summer monthsヲ butwinter time it is 
much less than Ulaanbaatar. It shows, that in grain farm region of Mongolia spring strong winds blow of a 
loose soil of cultivated area on the atmosphere. For Ulaanbaatar, by measurement data and calculation 
gives the last 10 years aerosol pollution increased on 7%-9% in winter season. 
2. Results of our researches of aerosol pollution in the atmosphere in Mongolian grain farm region certifies, 
that the atmosphere of this area contains the aerosol basically of a natural origin seasonally. Dust pollution 
happens per spring months. For Ulaanbaatar, GHGs and smokes corresponds with the period of heating 
(between the period of October and May of next year) institutions, housing houses and so on. This period, 
the households living in ger district (ger-traditional Mongolian dwellings house) use 250.000 cubic meter 
of wood and 600.000tons of coal, hand operated small-scale power station -400000 tons of coal and 
thermoelectric power stations 5 million tons of coal burning for every year. In addition, smoke by 60000 
transport means makes contribution of the air pollution. 
3. Air pollution in Mongolia can be attributed to coal and wood burning in houses, forest fires, industrial 
emission and vehicular emission in urban areas. Urban population is reported to be increasingly suffering 
from air pollution problemsラespeciallyduring winter months. 
4. It is necessary for us investigate aerosol physical and chemical characteristics ,including biomass 
burning aerosol particles. Many influences of biomass burning aerosol paロideson atmospheric physics and 
chemistry are stil poorly understood, which leads to contra dictionary statements in the resent literature 
such as that these aerosol particles do not affect precipitation formation or that they to a significant 
suppression of warm precipitation formation and increased optical thickness of clouds. 
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